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✓Annihilation in Galactic Halo, etc..

✓WIMP signal from the Sun



Recent results

T. Tanaka et al.  Astrophys. J. 742, 78 (2011)
R. Abbasi et al.  Phys. Rev. D 85, 042002 (2012)

Preliminary IceCube/DeepCore Limit IDM 2012 / arXiv:1212.4097  
Preliminary Super-K Limit Neutrino 2012 / arXiv:1210.4161
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SuperK (Far) Detector
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Far Detector: SK-IV
�50kt Water Cherenkov detector (Fiducial 22.5kt)

@ underground (2700 m water equivalent)
�20’ ID PMT�11,129: 40% Photo coverage

+ 8’ OD PMT�1885 :
�Dead-time less DAQ system (2008~)
�Good performance for sub-GeV � detection

�1st oscillation maximum : E� ~0.6GeV at SK position.
�Charged current quasi-elastic (CC QE) interaction is 

dominant process.
• Good e / � separation
• Energy reconstruction: �E/E ~10% (�2-body kinematics)

��ICRR, Univ. of Tokyo
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Super-Kamiokande
� 50kton water
� 32kt ID viewed by 

20-inch PMTs
� ~2m OD viewed 

by 8-inch PMTs
� 22.5kt fid. vol. 

(2m from wall)
� Etotal=~4.5MeV 

energy threshold
� SK-I: April 1996~
� SK-IV is running

Electronics hutLINAC

Control room

Water and air 
purification system

SK

2km3km

1km
(2700mwe)

39.3m

41.4m

Atotsu
entrance

AtotsuMozumi

Ikeno-yama
Kamioka-cho, Gifu
Japan

Inner Detector (ID) PMT:   ~11100 (SK-I,III,IV),  ~5200 (SK-II)
Outer Detector (OD) PMT: 1885

ID

OD

http://www-sk.icrr.u-tokyo.ac.jp/sk/

See J. Wilkesʼ talk
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Observation in SuperK

~11000
Inner PMTs

Super-Kamiokande IV
Run 999999 Sub 0 Event 209 
10-02-17:16:23:39
Inner: 3136 hits, 6453 pe
Outer: 3 hits, 2 pe
Trigger: 0x03
D_wall: 1218.7 cm
e-like, p = 701.5 MeV/c
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Super-Kamiokande IV
Run 999999 Sub 0 Event 454 
10-02-15:01:25:39
Inner: 2208 hits, 9333 pe
Outer: 10 hits, 9 pe
Trigger: 0x03
D_wall: 1479.4 cm
mu-like, p = 1154.7 MeV/c
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QECC interaction

✓Good Particle ID
✓Conserve the neutrino direction
- Important to search for the signal 
from the Sun

✓Good energy reconstruction



Recent results

T. Tanaka et al.  Astrophys. J. 742, 78 (2011)
R. Abbasi et al.  Phys. Rev. D 85, 042002 (2012)

Preliminary IceCube/DeepCore Limit IDM 2012 / arXiv:1212.4097  
Preliminary Super-K Limit Neutrino 2012 / arXiv:1210.4161
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Observation in SuperK
Event category

✓Upward going muons (Upmu)

νμ
μ

through

μ
stopping

✓Contained events
νμ

ν

ν

Fully (FC)

Partially (PC)

sensitive to low-mass

K.Choi, Neutrino 2012

Preliminary

No significant excess from the Sun 

Fit angular & energy bins of data & BG(atmospheric neutrino 
MC) adding extra signal(WIMP induced neutrino)

WIMP signal is mimiced by reweighting atmospheric MC

get 90% upper limit of allowed signal events

 Black cross: SK Ⅰ-Ⅲ Data 
  Blue solid : atmospheric MC
  Red dashed : WIMP induced events for 10GeV, bb-bar

Brief reminder of the analysis

      : atmospheric neutrino flux(honda11)
      : WIMP induced neutrino of 10GeV, bb 
channel.

☜direction
 from the sunReconstructed angular spectrum of 

data/BG/signal

GeV

True energy spectrum of 
Mimiced signal neutrino

Tuesday, December 4, 12



Hyper-Kamiokande
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EXECUTIVE SUMMARY

FIG. 1. Schematic view of the Hyper-Kamiokande detector.25 times larger than Super-K

        Total vol. : 0.99 Mton
    Fiducial vol. : 0.56 Mton
Photo-sensors : 99,000 PMTs

LoI : arXiv 1109.3262
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FIG. 68. Limits on WIMP-proton spin-dependent cross section as a function of WIMP mass. Limits from

direct detection experiments: DAMA/LIBRA allowed region [115] (dark red and light red filled, with and

without ion channeling, respectively), KIMS [116] (light blue dotted line), and PICASSO [117] (light black

dotted line) are shown. Limits from indirect detection (neutrino telescopes): AMANDA [113] (black line

with triangles), IceCube [114] (blue line with squares), and Super-K (green line with stars, green dashed

line) [110]. Ice-Cube+DeepCore sensitivity is shown with the purple line [118]. Hyper-K sensitivity is shown

with the red line (soft channel) and the red dashed line (hard channel).

an e�ciency of 52⇠69%.

We can also investigate currently unknown properties of neutrinos by studying supernova neu-

trinos. For example, if the neutrino mass hierarchy is inverted, the shock wave propagation may

cause time variation of the event rate for higher energy events during the cooling phase. The energy

dependence of arrival times at the onset of the burst would tell us the neutrino direct mass with

an accuracy of 0.5⇠1.3 eV.

Supernova relic neutrinos (SRN) will tell us the history of massive stars in the universe. In

particular, a spectrum measurement with high statistics is necessary because the present spectrum

of SRN is the red-shifted sum of the contribution of supernova neutrinos from every epoch of

the universe. We expect about 310 SRN events in the energy range from 20 MeV to 30 MeV

for 10 years of Hyper-K running, while the background from atmospheric neutrinos will be about

2200 events without tagging neutrons. The lower energy bound (20 MeV here) is limited by

arXiv 1109.3262 KIMS
PICASSO

AMANDA(bb)
AMANDA(WW)
IceCube(bb)
IceCube(WW)

SK(bb)
SK(WW)
HK 5years (bb)
HK 5years (WW)

IceCube+DeepCore

Scale from the 
SK upmu results

(LoI)
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FIG. 68. Limits on WIMP-proton spin-dependent cross section as a function of WIMP mass. Limits from

direct detection experiments: DAMA/LIBRA allowed region [115] (dark red and light red filled, with and

without ion channeling, respectively), KIMS [116] (light blue dotted line), and PICASSO [117] (light black

dotted line) are shown. Limits from indirect detection (neutrino telescopes): AMANDA [113] (black line

with triangles), IceCube [114] (blue line with squares), and Super-K (green line with stars, green dashed

line) [110]. Ice-Cube+DeepCore sensitivity is shown with the purple line [118]. Hyper-K sensitivity is shown
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an e�ciency of 52⇠69%.

We can also investigate currently unknown properties of neutrinos by studying supernova neu-

trinos. For example, if the neutrino mass hierarchy is inverted, the shock wave propagation may

cause time variation of the event rate for higher energy events during the cooling phase. The energy

dependence of arrival times at the onset of the burst would tell us the neutrino direct mass with

an accuracy of 0.5⇠1.3 eV.

Supernova relic neutrinos (SRN) will tell us the history of massive stars in the universe. In

particular, a spectrum measurement with high statistics is necessary because the present spectrum

of SRN is the red-shifted sum of the contribution of supernova neutrinos from every epoch of

the universe. We expect about 310 SRN events in the energy range from 20 MeV to 30 MeV

for 10 years of Hyper-K running, while the background from atmospheric neutrinos will be about

2200 events without tagging neutrons. The lower energy bound (20 MeV here) is limited by

KIMS
PICASSO

AMANDA(bb)
AMANDA(WW)
IceCube(bb)
IceCube(WW)

SK(bb)
SK(WW)
HK 5years (bb)
HK 5years (WW, ττ)

IceCube+DeepCore

Adding the FC+PC 
sample can extend 
the sensitivity direct 
to lower mass region.

Preliminary



Hyper-K sensitivity

Carsten Rott - Hyper-K Meeting Kashiwa Aug 21-23, 2012 WIMP Sensitivity

New Hyper-K Sensitivity Comparison

19

Scaling of achieved SK-I
+II+III results to Hyper-K

5yrs of Hyper-K compared to 
IceCube upgrade PINGU 

5yrs of data

Hyper-K compares favorable 
to other indirect searches for 

WIMP masses below 
~20-50GeV
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PINGU 5yrs

PINGU Sensitivity based on effective volume and 
applying it to Rott, Tanaka, Itow (2011)

HK

HK

PINGU

PINGU

Preliminary
• Scale of achieved Super-K 
results (FC+PC+upmu) to 
Hyper-K.

• Hyper-K is sensitive to the 
interesting WIMP mass 
region suggested by the 
direct search experiments.

• Hyper-K compares 
favorable to other indirect 
searches for WIMP masses 
below ~20-50 GeV.



νμ

νe

New detection channel

π0
γ
γ

π+

π-

π-

π-

π+
π+
π+
π+

π+

π+

π-
π-

π+

π+

π+

Possible annihilation channels:
qq,gg,cc,ss,bb,tt,W+W-, ZZ, τ+τ-,μ+μ-, νν, e+e-,γγ 

few neutrinossome “high energy” neutrinos in decays
⇒ basis of present day searches

dominant  decay into hadrons

Charged pions at rest producing 
neutrinos up to E=52.8MeV

�+ � µ+�µ

µ+ � e+�e�̄µ

lo
g[

dN
/d

E]

neutrino energy (MeV)

29.8MeV
52.8MeV

arXiv 1210.4161 by C.Rott

Decay
At
Rest



Backgrounds
NC  Elastic

Decay electron

νe CC

µ/π

νx
νx

νμ

νe

μ e

e

e

T < 50 MeV

“reactor + solar”

“atm. muon neutrinos”

“atm. electron neutrinos”

“μ/π production from 
atm.  neutrinos”

νx

“invisible muon”

π
νμ μ e

T > 200 MeV

“visible short muon track”

νx
NC{

K. Bays {Super-K Collaboration}
Phys.Rev. D85 (2012) 052007 



Gadolinium in water
• Decay electron events are the dominant background

• Identifying neutrinos of the inverse beta decay reaction 
can provide a way to discriminate against this background

• Proposal : add Gd to Super-K for SuperNova relic neutrino 
search. (Beacom & Vagins : Phys.Rev,Lett. 93(2004)171101)

• 0.2% Gd solution would yield >90% neutron captured.

p 

n 

e 
+ 

νe!
γ 

Gd 

(8MeV)

~20μsec

Use a delayed coincidence signal



EGADS
Kamioka underground observatory

Super-Kamiokande 
50m 

 

•200 ton tank with 232 PMTs
•Establish purification method
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コントロール室 

実験室 

ガドリニウム実験室全体図 

DAQセットアップ 

200トンタンク 

信号ケーブル、HVケーブル 
（ノイズが乗らないことはPMTを用い
て確認済み） 

コントロール室 

Electronics and computer

Evaluating Gadolinium’s Action on Detector Systems

200#ton#water#tank#

Main#water#
circula1on#system�

15m3#tank�

With PMTs, 
cables, black 
sheet and etc.�

R&D for Gd in SuperK
(GADZOOKS!)

Start data taking in this Summer



EGADS
Kamioka underground observatory

Super-Kamiokande 
50m 

•200 ton tank with 8 HPDs
•Establish purification method

con
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コントロール室 

実験室 

ガドリニウム実験室全体図 

DAQセットアップ 

200トンタンク 

信号ケーブル、HVケーブル 
（ノイズが乗らないことはPMTを用い
て確認済み） 

コントロール室 

Electronics and computer

Evaluating Gadolinium’s Action on Detector Systems

200#ton#water#tank#

Main#water#
circula1on#system�

15m3#tank�

With PMTs, 
cables, black 
sheet and etc.�

R&D for Hyper-K
(Gd option)

Start data taking in this Summer

Hiroyuki Sekiya  ICHEP2012 Jul  5 2012@Melbourne  

Technical R&D  
 Large cavern excavation 

16 

 Water tank 

 Photo sensor 
◦ 8 inch HPD is in test 
◦ 20 inch HPD is under development 

Hamamatsu  APD 

Photo 
tube 

(cathode) 

16 16 

 Water purification system 

 electronics 

M.Yokoyama, this afternoon session



Hyper-K sensitivity
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THIS WORK
PICASSO (2012)

KIMS (2012)
SIMPLE (2012)

Super-K 4yrs

Hyper-K 4yrs
+ Gadolinium

best case



Galactic searchNeutrino 2012

Carsten Rott Indirect WIMP Searches

SuperK - Galactic Search

28

UPMU PCFC

χ

χ ν

ν

above lines
is excluded

Preliminary

• Search for a diffuse signal from Milky 
Way halo

• Assume annihilation into νν, bb, 
or WW

• Use all samples e-like + mu-like FC + 
PC (2806 days)+UPMU (3109 days)

• Use all neutrino flavors and 
topologies HK 5years



Hyper-Kamiokande

higher intensity ν by 
upgraded J-PARC

Hyper-K

SunSupernova

x25 Larger ν Target
& Proton Decay Source

Proton 
Decays

νν ν

ν

x2 (year 
or power)

x50 of T2K
for !CP

18

multi-purpose detector
LoI : arXiv 1109.3202



International HK meeting International Hyper-K meetings
第1回: 2012年8月23,24

第2回: 2013年1月14,15

各~100名の参加者
（~半分国外から）

International working 
groupを結成

36

物理感度，
検出器デザイン，
方針を議論

http://indico.ipmu.jp/indico/conferenceTimeTable.py?confId=10

http://indico.ipmu.jp/indico/conferenceTimeTable.py?confId=7

International Hyper-K meetings
第1回: 2012年8月23,24

第2回: 2013年1月14,15

各~100名の参加者
（~半分国外から）

International working 
groupを結成

36

物理感度，
検出器デザイン，
方針を議論

http://indico.ipmu.jp/indico/conferenceTimeTable.py?confId=10

http://indico.ipmu.jp/indico/conferenceTimeTable.py?confId=7

1st : 2012 Aug.

2nd : 2013 Jan.

Start up an international
working group
(~100 researchers)

< List of R&D >
• Physics potential
• Cavity and Tank
• Water system
• Photo-sensor development
• DAQ and electronics
• software
• calibration
etc.



Conclusion
• Water Cherenkov detector has a unique potential 
for indirect WIMP search.

• Established by Super-K.
• Good flavor tagging, energy and direction 
reconstruction.

• Hyper-K will be most important to cover the WIMP 
mass region less than 50GeV.

• New low-energy neutrinos from the Sun could offer 
unique prospects for Hyper-K.


